Introduction
============

Researchers usually rely on the World Health Organization (WHO) guidelines or the Response Evaluation Criteria in Solid Tumors (RECIST) criteria to define tumor response. The WHO guidelines have been used as the standard method for assessing tumor response since the early 1980s [@B1]. Tumor burden is estimated by summing the products of bi-dimensional measurements. Because the criteria for selecting and measuring target lesions were not clearly described in the WHO guidelines, however, tumor response assessment has not been accurately reproducible between investigators [@B2]-[@B4]. The RECIST Working Group proposed the RECIST guideline version 1.0 (RECIST 1.0) as the new response criteria in 2000 [@B5]. The RECIST 1.0 defined the minimum size of measurable lesion by computed tomography (CT) and incorporated uni-dimensional measurement instead of the two-dimensional method in the WHO guidelines. The RECIST 1.0 criteria also adopted a total of 10 target lesions with a maximum of 5 lesions per organ. It has been widely accepted as the standardized criteria for tumor response assessment, quickly replacing the WHO guidelines. However, a number of questions and issues including the number of target lesions and the size of lymph nodes (LNs) to be assessed were raised on the RECIST 1.0. In addition, the rapid innovations of new imaging technologies, such as multi-detector computed tomography (MDCT) and positron emission tomography combined with CT (PET/CT), have necessitated the revision of the guidelines [@B6].

Based on the database of about 6,500 patients from 16 clinical trials, the RECIST Working Group published the revised version of the RECIST guidelines (RECIST 1.1) in 2009 [@B7]-[@B11]. Major changes in the RECIST 1.1 involved the reduction of target lesions, the inclusion of bone lesions as possible target lesions, the criteria for assessing pathologic LNs, and the clarification of progressive disease (PD) and unequivocal progression of non-target lesions [@B12]. The maximum number of target lesions to be assessed is reduced from ten to five in total, and from five to two per organ. Lytic or mixed lytic-blastic bone lesion with measurable soft tissue component is newly regarded as a target lesion according to the RECIST 1.1. The new LN criteria recommend the short-axis measurement and only consider LNs of at least 15 mm target lesions. LNs with at least 10 mm but less than 15 mm along short axis, even though which may be pathological, are regarded as non-target lesions, and LNs with a short axis of less than 10 mm are defined as nonpathologic. In addition to the at least 20% increase in the tumor measurement, PD according to the RECIST 1.1 requires an absolute increase of at least 5 mm of the sum of the longest diameters of target lesions. The RECIST 1.1 also recommends incorporating PET/CT in the detection of new lesions.

The RECIST 1.1 has shown almost perfect agreement with the RECIST 1.0 in the assessment of tumor response in patients with advanced gastric cancer (GC) [@B13],[@B14], metastatic colorectal cancer (CRC) [@B15], and thyroid cancer [@B16] . In patients with advanced non-small cell lung cancer (NSCLC) who received epidermal growth factor tyrosine kinase inhibitors (EGFR-TKIs), the RECIST 1.1 also revealed high concordance with the RECIST 1.0 [@B17]-[@B19]. To the best of our knowledge, however, the impact of the RECIST 1.1 on the selection of target lesions and assessment of tumor response was not investigated in patients with advanced NSCLC who received cytotoxic chemotherapy.

We conducted this study to compare CT tumor measurement and tumor response assessment between the RECIST 1.0 and the RECIST 1.1 in advanced NSCLC patients who were treated with cytotoxic chemotherapy.

Patients and methods
====================

Patients
--------

This study obtained Institutional Review Board\'s approval with a waiver of patient\'s informed consent according to the Korean Ethical Guidelines for epidemiological research. We reviewed medical records of patients with advanced NSCLC who received cytotoxic chemotherapy as first-line treatment between January 2004 and December 2013 at Kangnam Sacred Heart Hospital, Seoul, South Korea. The patients were eligible if they had following criteria; histologically confirmed non-small cell carcinoma of the lung, radiologically or histologically confirmed advanced disease (stage IIIB or IV), at least one measurable lesion by the RECIST 1.0, no history of other cancer, no history of previous chemotherapy or radiotherapy, and CT examinations at baseline and after chemotherapy. Patients who had shown unequivocal progression of non-target lesions or development of new lesions at the follow-up CT were excluded from the final analyses because they would have the same response classification between the two criteria.

CT examinations
---------------

Chest CT scans for evaluating tumor response were obtained at baseline and after 2 or 3 cycles of first-line chemotherapy. All scans were obtained with the MDCT scanner (SOMATOM Sensation, Giemens Healthcare, Forchheim, Germany) with intravenous administration of contrast medium, iopromide (Ultravist 300, Bayer Medical Systems), with a scan delay of 20-30 seconds. Patients were scanned from the clavicles to the adrenal glands at end-inspiration in supine position. Axial images were reconstructed with a slice thickness of 5 mm and were transferred to the Picture Archiving and Communication System (PACS) workstation (PiView Star, INFINITT Healthcare Co. LTD., Seoul, South Korea).

Tumor measurements
------------------

We evaluated each patient\'s tumor measurements from the CT scans and assessed tumor responses with no interval confirmation. Tumor measurements were performed manually on the axial CT image planes using calipers of a measuring tool on the PACS. The measurement of target lesions and sum of the longest diameters, the description of non-target lesions, the development of new lesions, and the tumor response for each patient were recorded by the consensus of two experienced investigators according to the RECIST 1.0 and RECIST 1.1, respectively. For cases showing a significant discrepancy between the two investigators, a board-certified chest radiologist re-evaluated the CT images.

Statistical analyses
--------------------

A paired Student\'s *t* test was used to estimate the statistical significance of changes in the number of target lesions at baseline between the RECIST 1.0 and RECIST 1.1. The χ² test was used to compare the proportion of patients and the overall response rate (ORR) between two groups. All P values were based on a two-sided hypothesis, with a value of less than 0.05 being considered significant. The concordance level of tumor responses between the two criteria was assessed using ĸappa statistics. A kappa value of more than 0.75 was interpreted as showing excellent agreement.

Results
=======

Patient characteristics
-----------------------

During the study period, a total of 129 patients with advanced NSCLC received first-line chemotherapy with a variety of cytotoxic regimens. Fifteen patients (11.6%) had not been evaluated for tumor response, and nine (7%) had no target lesion according to the RECIST 1.0. Six patients (4.6%) received first-line treatment with an EGF R-TKI. According to the inclusion criteria, eleven patients (8.5%) who showed the substantial progression of non-target lesion or development of new lesions were also excluded from the study. Finally, a total of 88 patients (68.2%) who had at least one measurable lesion in any one organ were included in the final analyses.

Patients\' baseline characteristics are summarized in Table [1](#T1){ref-type="table"}. The patients consisted of 65 male (73.9%) and 23 female, with a median age of 61 years (range, 29-89 years). Forty-three patients (48.9 %) had adenocarcinoma and thirty-two (36.4%) had squamous cell carcinoma. Eighty-one (92.0%) patients had a stage IV NSCLC, and the remaining seven had a stage IIIB disease. Almost all patients (95.5%) had at least one measurable lesion in the lungs. The most common metastatic site with measurable target lesions was the LNs (47.8%), followed by the liver (13.6%). According to the RECIST 1.1, three patients newly had target lesions in the bones. Twenty patients (22.7%) had a single target lesion according to the RECIST 1.0. Thirty-seven patients (42.0%) had target lesions in two organs, most commonly in the lungs and LNs. Seven patients (7.9%) had target lesions in 3 or more organs.

Forty patients (45.5%) received taxane (paclitaxel, docetaxel, or genexol PM) with or without platinum (cisplatin or carboplatin), and 22 (25.0%) were treated with gemcitabine with or without platinum.

Number of target lesions
------------------------

The number of target lesions according to the RECIST 1.1 was significantly lower than that according to RECIST 1.1 (P \< 0.001). The median number of target lesions was 4 (range, 1-9) by the RECIST 1.0 and 3 (range, 1-5) by the RECIST 1.1, respectively. Forty patients (45.4%) showed a decrease in the number of target lesions by adopting the RECIST 1.1. Two patients who had a LN ≤ 15 mm along short axis showed no change in the number of target lesions due to the inclusion of bone lesion with a soft tissue component according to the RECIST 1.1. In one patient, the number of target lesions was increased because of bone target lesion newly defined according to the RECIST 1.1.

The reduction of the maximum number of target lesions (from 10 to 5 in total, and from 5 to 2 per organ) resulted in the decrease of target lesions in 3 patients. Ten patients showed a decrease of target lesions because of both the new LN criteria and the reduced maximum number of target lesions. In the remaining 27 patients, the decrease was due to the new LN criteria (≥ 15 mm along the short axis to be considered pathological). Out of these 27 patients, three no longer had target lesions when adopting the RECIST 1.1 because all their target lesions were LNs less than 15 mm along short axis. Among 123 patients who received first-line chemotherapy during the study period, the proportion of patients with no measurable lesion was increased from 7.3% (9/123) by the RECIST 1.0 to 9.75% (12/123) by the RECIST 1.1 (P = 0.494).

Tumor responses
---------------

The percentage changes in the sum of tumor measurements respectively according to the RECIST 1.0 and RECIST 1.1 are presented in Figure [1](#F1){ref-type="fig"}. Thirty-three patients (38.8%) showed an increase (range, 1.4-21.2%) in the absolute value of the percentage change when adopting the RECIST 1.1, instead of the RECIST 1.0. Fifteen patients (17.6%) showed a reduction in the change rate (range, 0.5-10.5%) of the sum of tumor measurements.

The comparison of tumor responses between the two criteria is shown in Table [2](#T2){ref-type="table"}. The tumor responses showed a high level of concordance between the RECIST 1.0 and RECIST 1.1, with a kappa value of 0.912 (95% confidence interval, 0.827-0.996). Only four patients (4.5%) showed disagreement of the tumor responses between the two criteria. One patient with partial response (PR) according to the RECIST 1.0 was reclassified as complete response (CR) because LN with short axis ≤ 10 mm was considered normal according to the RECIST 1.1. Two patients defined as stable disease (SD) by the RECIST 1.0 were reclassified as PR by the RECIST 1.1 because of the decreased LN target lesions. The remaining one patient had PD according to the RECIST 1.0 but was re-categorized as SD according to the RECIST 1.1 because a new LN measuring ≤ 10 mm along short axis did not meet the pathologic LN criteria of the RECIST 1.1. The ORR of first-line chemotherapy was not significantly different between the two criteria (27.1% according to the RECIST 1.0 vs. 29.4% according to the RECIST 1.1, P = 0.733).

Discussion
==========

In the current study, we compared tumor measurement and response assessment by CT based on the RECIST 1.0 and RECIST 1.1 in patients with advanced NSCLC who had received cytotoxic chemotherapy as first-line treatment. Our data showed that the RECIST 1.1 significantly reduced the number of target lesions to be measured for assessing tumor response. However, there was almost perfect agreement in the assessment of tumor responses between the RECIST 1.0 and RECIST 1.1.

The decrease of target lesions by adopting the RECIST 1.1 was mainly caused by the change of the LN evaluation criteria. The new LN criteria of the RECIST 1.1 affected the number of target lesions in 39 patients (44.3%). Out of 88 patients who had at least one target lesion according to the RECIST 1.0 at baseline, 3 (3.4%) no longer had target lesions because of the pathologic LN criteria of the RECIST 1.1. As a result, the proportion of patients with at least one target lesion at baseline was slightly reduced from 92.7 % by the RECIST 1.0 to 90.2% by the RECIST 1.1. Although there was no statistical significance, these three patients would have been excluded from clinical trials if studies using the RECIST 1.1 as response criteria had been planned. Fuse and colleagues reported that the proportion of patients with target lesions was significantly decreased from 67% to 53% by the new LN criteria in patients with advanced GC [@B13]. Jang and colleagues also observed the significant decline of patients with at least one measureable lesion in metastatic CRC (from 86.1% by the RECIST 1.0 to 77.8% by the RECIST 1.1) [@B15]. These findings indicate that the RECIST 1.1 may alter the eligibility of patients for clinical trials with ORR or time to progression as primary endpoints. The change in the maximum number of target lesions (from 10 to 5 in total, and from 5 to 2 per organ) affected 13 patients. They had more than 3 target lesions in one organ, such as the lungs, LNs, or liver, but only two largest lesions counted as target lesions according to the RECIST 1.1.

In the current study, patients received cytotoxic chemotherapy, not target agents, as first-line treatment for advanced NSCLC. Although this study had a relatively small number of patients, tumor responses showed almost perfect agreement between the two RECIST versions (k = 0.912). As a result, the ORRs of first-line chemotherapy were not significantly different between the two criteria (27.1% by the RECIST 1.0 and 29.4% by the RECIST 1.1). Our results are also consistent with the prior reports conducted in patients with metastatic GC or CRC treated with cytotoxic chemotherapy [@B13]-[@B15]. Jang and colleagues reviewed 58 metastatic CRC patients who received first-line chemotherapy in clinical practice [@B15]. Although the number of target lesions according to the RECIST 1.1 decreased in 82.7% of patients (48/58), 94.2% of patients showed the same classification of the tumor response between the two criteria. In the study of advanced GC by Fuse and colleagues, the ORR was not significant different between the two criteria (52% according to the RECIST 1.0 and 55% according to the RECIST 1.1).

When the RECIST 1.1 was revised, patients treated with target agents were not included in the data warehouse [@B9]. Target agents tend to induce necrosis and cystic change in solid tumors without necessarily producing tumor shrinkage [@B20]. However, the RECIST 1.1 has also shown high concordance in patients with NSCLC or thyroid cancer treated with a target agent such as EGFR-TKIs [@B16]-[@B19], [@B21]. These findings suggest that the RECIST 1.1 can be applied to patients with NSCLC regardless of the type of treatment. The new LN criteria of the RECIST 1.1 were also a major cause of the reclassification of tumor response in other study of NSCLC patients treated with EGFR-TKIs [@B17]. In our study, four patients (4.5%) showed disagreement of the tumor responses between the two criteria and all of these disagreements were due to the change in the LN measurement criteria.

In conclusion, the RECIST 1.1 provided a high level of concordance with the RECIST 1.0 in the assessment of tumor response in advanced NSCLC patients treated with cytotoxic chemotherapy. The new LN criteria of the RECIST 1.1 were a major cause of the reduction of target lesions and reclassification of tumor response. The RECIST 1.1 may also alter the eligibility of patients for clinical trials with ORR or time to progression as primary endpoints.

![Percentage changes in the sum of tumor measurements according to the RECIST 1.0 versus RECIST 1.1. Three patients who no longer had target lesions according to the RECIST 1.1 were not shown here. \* The last patients who had PD according to the RECIST 1.0 was re-categorized as SD according to the RECIST 1.1 because a new LN ≤ 10 mm along short axis did not meet the pathologic LN criteria.](jcav06p0652g001){#F1}

###### 

Characteristics of the 88 patients.

  Characteristics                        No. of patients   \%
  -------------------------------------- ----------------- ------
  **Median age, years (range)**          61 (29-89)        
  **Gender**                                               
  Male                                   65                73.9
  Female                                 23                26.1
  **Stage**                                                
  IIIB                                   7                 8.0
  IV                                     81                92.0
  **Histology**                                            
  Adenocarcinoma                         43                48.9
  Squamous cell carcinoma                32                36.4
  Large cell carcinoma                   3                 3.4
  Unclassifiable                         10                11.4
  **Measurable target lesions**                            
  Lungs                                  84                95.5
  Lymph nodes                            42                47.8
  Liver                                  12                13.6
  Adrenal glands                         4                 4.5
  Bones                                  3                 3.4
  Pancreas                               1                 1.1
  **First-line chemotherapy regimens**                     
  Taxane +/- platinum                    40                45.5
  Gemcitabine +/- platinum               22                25.0
  Irinotecan +/- platinum                12                13.6
  Pemetrexed +/- platinum                9                 10.2
  Etoposide +/- platinum                 5                 5.9

###### 

Comparison of tumor responses by the RECIST 1.0 versus RECIST 1.1.

  ---------------------------------------------------------------------
  Tumor response\       Tumor response by RECIST 1.1   Total       
  by RECIST 1.0                                                    
  ----------------- --- ------------------------------ ------- --- ----
  CR                0   0                              0       0   0

  PR                1   22                             0       0   23

  SD                0   2                              51      0   53

  PD                0   0                              1       8   9

  Total             1   24                             52      8   85
  ---------------------------------------------------------------------

The overall response rates were 27.1% by the RECIST 1.0 and 29.4 % by the RECIST 1.1 (P = 0.733)

The level of concordance of the tumor responses between the two criteria is 0.912.
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